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(54) METHOD OF DRIVING SOUD-STATE IMAGING DEVICE, IMAGING DEVICE, ALIGNMENT 
DEVICE, AND ALIGNING METHOD 

(57) According to the invention, an image signal 
suitable for purposes such as detection of alignment of 
an exposure device can be quickly generated by verti- 
cally adding pixel outputs under vertical transfer. 

The invention also makes it possible to adjust an 
output level of an image signal adequately by changing 
the number of vertical transfers with flexibility. 

Further, according to the invention, since exhaust 
gates are provided on vertical transfer paths to selec- 
tively exhaust pixel outputs unnecessary for the genera- 
tion of a one-dimensional image, the quality of signals of 
a one-dimensional image can be further improved. 

Further, according to the invention, since a two- 
dimensional image is read on an experimental basis 
using the same image sensor to automatically specify 
the positions of pixels unnecessary for the generation of 
a one-dimensional image, thereby improving the quality 
of signals of a one-dimensional image simply and relia- 
bly. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a method of s 
driving a solid-state image sensor which is particularly 
suitable for purposes such as detection of alignment of 
an exposure, device. 

[0002] The present invention relates to an image 
sensing device for performing such a method of driving. 10 
[0003] The present invention relates to an align- 
ment device for detecting alignment of an object based 
on an image which has been picked up. 
[0004] The present invention relates to a position 
adjustment method of adjusting the position of an object is 
whose image is to be picked up based on the result of 
alignment detection. 

BACKGROUND ART 

20 

[0005] An exposure device for exposing circuit pat- 
terns is used in steps for manufacturing semiconductor 
devices, liquid crystal displays and the like. An exposure 
device of this type must perform accurate position 
adjustment at each exposure operation because it 25 
exposes fine circuit patterns a plurality of times in an 
overlapping relationship. In order to perform such posi- 
tion adjustment, an exposure device incorporates a 
highly accurate position adjustment mechanism. 
[0006] Known conventional position adjustment 30 
mechanisms of this type include mechanisms which 
pick up an alignment mark on a sample and adjust the 
position of the sample based on the result of the pick up 
(so-called image sensing type position adjustment 
mechanisms). as 
[0007] Fig. 1 4A is a schematic view of an example 
of such alignment marks. Alignment marks MXn and 
MYn are constituted by patterns in the form of five 
stripes. Separate image sensing devices for X- and Y- 
directions are provided to sense such alignment marks ao 
Mxn and MYn, respectively. 

[0008] Fig. 15 is an abstract diagram of an image 
sensing device incorporated in an exposure device 
showing a circuit configuration thereof. 
[0009] As shown in Rg. 15, the image sensing as 
device is generally constituted by a solid-state image 
sensor 60 and a noise rejection circuit 70. A plurality of 
photodiodes 61 are arranged in the form of a matrix on 
an image surface of the solid-state image sensor 60 
(Rg. 15 shows photodiodes 61 in ten rows by five col- so 
umns for a simple description). 
[0010] Vertical CCDs 62 are provided adjacent to 
each vertical column of photodiodes 61 . Vertical trans- 
fer pulses $V1 through $V4 in four phases are applied to 
transfer electrodes of the vertical CCDS 62. Referring to ss 
transfer electrodes to which the vertical pules <>V2 and 
<(>V4 are applied, the electrodes are extended to transfer 
diffusions interposed between the photodiodes 61 and 



2 

the vertical CCDS 62. As a result, those transfer elec- 
trodes also serve as transfer gate electrodes. 
[0011] A horizontal CCD 63 is provided along out- 
put ends of the plurality of vertical CCDs 62. Horizontal 
transfer pulses $H1 and $H2 in two phases are applied 
to a transfer electrode of the horizontal CCD 63. A trans- 
fer output from the horizontal CCD 63 is output from the 
solid-state image sensor 60 through an output amplifier 
or the like. 

[0012] The noise rejection circuit 70 is constituted 
by a 1 H delay circuit 71 and an adder 74. The 1 H delay 
circuit 71 delays a transfer output from the solid-state 
image sensor 60 by one horizontal period. The adder 74 
adds the transfer output and the delayed output from the 
1 H delay circuit 71 and outputs the result 
[001 3] Rg. 1 6 is a diagram showing timing for driv- 
ing the solid-state image sensor 60 according to the 
prior art (two line mixture type interlace scanning). 
[0014] The timing for driving the solid-state image 
sensor 60 will now be described with reference to Rg. 
16. 

[001 5] The vertical transfer pulses $V2 and <frV4 are 
set at a high potential (e.g., 10 volts) at the timing of a 
vertical interval period T1 as shown in Rg. 16. Then, 
channels are formed between all of the photodiodes 61 
and vertical CCDs 62 to transfer signal charges accu- 
mulated at the photodiodes 61 to the vertical CCDS 62 
at a time. 

[0016] Either of the vertical transfer pulse $V1 and 
<t>V3 is set at an intermediate potential (e.g., 2 volts) dur- 
ing the vertical interval period T1 . As a result, a plurality 
of potential wells for three transfer electrodes are 
formed above the vertical CCDs 62. In each of the 
potential welts, signal charges for vertical two pixels 
transferred thereto are mixed to generate a two line mix- 
ture signal suitable for interlace scanning. 
[0017] Next, the vertical transfer pulses $V1 
through $V4 are set as transfer pulses in four phases 
(e.g., pulses whose low level is about -10 V and whose 
high level is about 2 V) at the timing of a horizontal inter- 
val period T2 as shown in Rg. 16. Then, the potential 
wells on the vertical CCDs 62 are shifted toward the 
horizontal CCD 63 by two rows. At this time, signal 
charges for the first and second rows are output from 
the output ends of the vertical CCDS 62 to be trans- 
ferred to the potential wells on the horizontal CCD 63. 
[0018] Next, the horizontal transfer pulses $H1 and 
$H2 are set as transfer pulses in two phases at the tim- 
ing of a horizontal scanning period T3 as shown in Rg. 
16. Then, the potential wells on the horizontal CCD 63 
are sequentially shifted. As a result of such a shift of the 
potential wells, transfer outputs are output from the out- 
put end of the horizontal CCD 63 in a serial manner. 
[0019] The solid-state image sensor 60 outputs an 
image for one field by alternately repeating the vertical 
transfer operation during the horizontal interval period 
T2 and the horizontal transfer operation during the hori- 
zontal scanning period T3 as described above. 



EP 1 063 844 A1 



2 



3 



EP 1 063 844 A1 



4 



[0020] Fig. 1 4C Is a diagram showing a transfer out- 
put for one horizontal period output by the solid-state 
image sensor 60 at this time. The transfer output is an 
image signal whose signal level undergoes a wedge- 
shaped reduction at the edge of the step of the align- 5 
ment mark shown in Fig. 14B. 

[0021] The noise rejection circuit 70 receives such 
transfer outputs from the solid-state image sensor 60 
and sequentially adds transfer outputs for two horizontal 
periods. This results in a reduction of vertically non-cor- w 
related noise components by 3 dB in terms of the signal- 
to-noise ratio and therefore results in a relative improve- 
ment of the S/N of transfer outputs. 
[0022] Transfer outputs from such a noise rejection 
circuit 70 are output in the following order. Specifically, a is 
mixture signal for the first through fourth rows is output; 
a mixture signal for the third through sixth rows follows; 
a mixture signal for the fifth through eighth rows follows; 
and a mixture signal for the seventh through tenth rows 
follows. 20 
[0023] A signal processing circuit (not shown) in the 
position adjustment mechanism sequentially receives 
the above-described transfer outputs to detect the 
phase of the wedge-shaped portion in the transfer out- 
put The position adjustment mechanism accurately 25 
adjusts the position of the exposure device based on the 
phase of the wedge-shaped portion. 

DISCLOSURE OF THE INVENTION 

30 

[Problems to be Solved by the Invention] 

[0024] In the above-described example of the prior 
art, external circuits such as the noise rejection circuit 
70 are provided outside the solid-state image sensor ss 
60. A problem has arisen in that such external circuits 
make the circuit configuration complicated accordingly. 
[0025] Further, it takes one field period (one frame 
period in the case of progressive scanning) to read an 
image of an alignment mark from the solid-state image 40 
sensor 60. Such a reading operation is repeated many 
times each time the exposure device performs an expo- 
sure operation. This has resulted in a problem in that 
the throughput of the exposure device is reduced in an 
amount corresponding to the total time required for the 45 
reading operation. 

[0026] Furthermore, as apparent from the above- 
described order of signal output, duplicate signals are 
output for a single row as an output of the noise rejec- 
tion circuit 70. For example, the signal for the third line is so 
included in both of the mixture signal for the first through 
fourth rows and the mixture signal for the third through 
sixth rows and is therefore output twice. The mixture 
signals output by the noise rejection circuit 70 have high 
redundancy and, therefore, a great amount number of 55 
ineffective signals are included accordingly. 
[0027] This increases burdens on subsequent sig- 
nal processing and increases the processing time 



required for the detection of the position of an alignment 
mark. Such a position detecting process is also 
repeated many times each time the exposure device 
performs an exposure operation. This has resulted in 
another problem in that the throughput of the exposure 
device is reduced in an amount corresponding to the 
total time required for the position detecting process. 

[0028] More specifically speaking, the above- 
described alignment mark includes patterns such as 
centeriines 181 and 182 shown in Rg. 17. In this case, 
pixel outputs from the centeriines 181 and 182 do not 
have any shaded pattern which is effective for alignment 
detection. 

[0029] This has resulted in a problem in that the 
quality of signals of a picked up image is reduced 
because of a resultant reduction in the contrast of the 
picked up image and because of the fact that the center- 
lines 181 and 182 are added as extra noise compo- 
nents. Therefore, alignment detection as described 
above results in a problem in that position detecting 
accuracy is reduced accordingly. 
[0030] Further, various alignment marks are used 
for actual alignment detection. Therefore, the image 
pickup range of the image sensing device (the range 
indicated by the dotted line in Rg. 17) must be minutely 
adjusted each time the type and size of the alignment 
mark are changed, which has resulted in a problem in 
that a great amount of time and labor is required. 
[0031] A possible solution to avoid such time and 
labor is to provide in advance an image pickup range 
which is commonly used regardless of the type of align- 
ment mark. However, such a solution can result in a sit- 
uation in which a peripheral pattern 183 as shown in 
Rg. 17 and the like are included in the image pickup 
range. 

[0032] Similarly to the centeriines 181 and 182, 
such a peripheral pattern 183 does not have any 
shaded pattern effective for alignment detection. This 
results in a problem in that the quality of signals of an 
image which has been picked up is further reduced. 
[0033] As defined in Claims 1, 2, 4 and 5, it Is an 
object of the invention to simplify the configuration of an 
image sensing device and to improve the throughput of 
an image sensing device. 

[0034] As defined in Claims 3 and 6, in addition to 
the object of Claim 1 , it is an object of the invention to 
adjust an image output to an adequate level automati- 
cally. 

[0035] As defined in Claim 7, it is an object of the 
invention to improve the quality of signals of a one- 
dimensional image (to be described afterward). 
[0036] As defined in Claims 8 and 9, in addition to 
the object of Claim 7, it is an object of the invention to 
provide an image sensing device capable of automati- 
cally detecting the position of a pixel which is not 
required for the generation of a one-dimensional image. 
[0037] As defined in Claim 1 0, it is an object of the 
invention to provide an alignment device utilizing an 
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image sensing device as defined in Claims 4 through 9. 

[0038] As defined in Claim 1 1 , it is an object of the 
invention to provide a position adjustment method utiliz- 
ing an image sensing device as defined in Claims 4 
through 9. s 

[Means for Solving the Problems] 

(Claim 1) 

10 

[0039] The invention described in claim 1 is a 
method of driving a solid-state image sensor including a 
plurality of horizontally and vertically arranged light 
receiving pixels for generating signal charges in accord- 
ance with the quantity of Tight, vertical CCDs for verti- is 
cally transferring said signal charges generated by said 
light receiving pixels, and a horizontal CCD for horizon- 
tally transferring said signal charges transferred through 
said vertical CCDs, comprising the step of: 

20 

a vertical transfer step for vertically transferring in 
sequence said signal charges generated by a light 
receiving part by driving said vertical CCDs; and 
a horizontal transfer step for mixing said signal 
charges transferred through said vertical CCDs on 25 
said horizontal CCD and horizontally transferring 
said signal charges on said horizontal CCD when 
said signal charges for three or more vertical pixels 
are mixed. 

30 

[0040] According to the above-described driving 
method, horizontal transfer is performed after signal 
charges for three or more vertical pixels are mixed on a 
horizontal CCD. This makes it possible to delete at least 
one horizontal scanning period T3 among horizontal 35 
interval periods T2 and horizontal scanning periods T3 
which have been indispensably implemented according 
to the prior art (Rg. 1 6). It is therefore possible to reduce 
the time required for reading an image of an alignment 
mark. 40 
[0041] Since signal charges for three or more verti- 
cal pixels are mixed on a horizontal CCD, vertically non- 
correlated noise components can be reduced. This 
eliminates any particular need for noise rejecting means 
such as a noise rejection circuit 70 which has had to be 45 
provided outside a solid-state image sensor according 
to the prior art and makes it possible to simplify the con- 
figuration of a device as a whole. 
[0042] Further, since signal charges for three or 
more vertical pixels are mixed on a horizontal CCD, the so 
number of horizontal lines transferred and output from a 
solid-state image sensor is reduced. This efficiently and 
adequately reduce the amount of subsequent image 
signal processing (e.g., the amount of arithmetic 
processing for detecting the position of an alignment 55 
mark), allowing the processing time to be reduced. 
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(Claim 2) 

[0043] The invention described in claim 2 is a 
method of driving according to Claim 1, wherein said 
horizontal transfer step mixes said signal charges in a 
vertical direction with a limitation to the number of times 
the mixing is done being equal to or less than a number 
of vertical transfers which does not cause saturation of 
each potential well on said horizontal CCD. 
[0044] According to such a driving method, satura- 
tion of signal charges on a horizontal CCD is avoided by 
setting an adequate number of vertical transfers, to be 
performed. This eliminates the possibility of losing a 
wedge-shaped portion of an alignment mark or the like 
from a transfer output It is therefore possible to provide 
a transfer output suitable for the purpose of position 
detection. 

(Claim 3) 

[0045] The invention described in claim 3 is a 
method of driving according to Claim 1 , further compris- 
ing the step of: 

a level detection step for monitoring a transfer out- 
put provided by said horizontal CCD to detect a sig- 
nal level of said transfer output; and 
a number adjustment step for increasing and 
decreasing the number of vertical transfers per one 
horizontal transfer in accordance with said signal 
level detected at said level detection step. 

[0046] According to such a driving method, the 
number of vertical transfer per one horizontal transfer is 
dynamically adjusted in accordance with the signal level 
of a transfer output from a horizontal CCD. In this case, 
an inference is made from the signal level of the current 
horizontal line to adjust the next (and thereafter) signal 
level. 

[0047] Therefore, in the case of an image having no 
vertical correlation like a natural image or an image 
whose luminance level changes as time passes, ade- 
quate level adjustment can not be expected because 
the result of an inference of a signal level is not neces- 
sarily correct. 

[0048] In the case of an alignment mark which is a 
primary object whose image is to be picked up accord- 
ing to the invention, however, substantially no vertically 
non-correlated component is included, and the lumi- 
nance level is substantially stable. 
[0049] It is therefore possible to make a proper 
inference on the signal level of the next (and thereafter) 
horizontal line from the signal level of the current hori- 
zontal line to adjust the number of vertical transfers ade- 
quately. 
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(Claim 4) 

[0050] The invention described in claim 4 is an 
image sensing device comprising: 

a plurality of horizontally and vertically arranged 
Tight receiving pixels for generating signal charges 
in accordance with the quantity of light; 
vertical CCDs for vertically transferring said signal 
charges generated by said light receiving pixels; 
a horizontal CCD for horizontally transferring said 
signal charges transferred through said vertical 
CCDs; 

a vertical transfer circuit for vertically transferring in 
sequence said signal charges generated at a light 
receiving part by driving said vertical CCDs; and 
a horizontal transfer circuit for mixing said signal 
charges transferred through said vertical CCDs on 
said horizontal CCD and for horizontally transfer- 
ring said signal charges on said horizontal CCD 
when said signal charges for three or more vertical 
pixels are mixed. 

[0051] An image sensing device having the above- 
described configuration executes the driving method 
defined in Claim 1. 

(Claim 5) 

[0052] The invention described in claim 5 is an 
image sensing device according to Claim 4, wherein 
said horizontal transfer circuit mixes said signal charges 
in a vertical direction with a limitation to the number of 
times the mixing is done being equal to or less than a 
number of vertical transfers which does not cause satu- 
ration of each potential well on said horizontal CCD. 
[0053] An image sensing device having the above- 
described configuration executes the driving method 
defined in Claim 2. 

(Claim 6) 

[0054] The invention described in claim 6 is an 
image sensing device according to Claim 4, further 
comprising: 

a level detector for monitoring a transfer output pro- 
vided by said horizontal CCD to detect a signal level 
of said transfer output; and 
number adjustment means for increasing and 
decreasing the number of vertical transfers per one 
horizontal transfer in accordance with said signal 
level detected at said level detector. 

[0055] An image sensing device having the above- 
described configuration executes the driving method 
defined in Claim 3. 
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(Claim 7) 

[0056] The invention described in claim 7 is an 
image sensing device comprising: 

5 

a plurality of light receiving pixels arranged on a 
two-dimensional basis on a light receiving surface 
for generating pixel outputs in accordance with the 
quantity of light; 

10 a group of vertical transfer paths provided for each 
of vertical columns of said light receiving pixels for 
transferring said pixel outputs generated at said 
light receiving pixels in a vertical direction; 
a horizontal transfer path for transferring pixel out- 

15 puts provided by said group of vertical transfer 
paths in a horizontal direction; 
a one-dimensional readout unit for adding said pixel 
outputs sequentially transferred by said group of 
vertical transfer paths in the vertical direction and 

20 for reading a pixel output as a result of the addition 
from said horizontal transfer path to generate a 
one-dimensional image; and 
an exhaust gate for selectively exhausting pixel out- 
puts being transferred in said vertical transfer 

25 paths, wherein 

said one-dimensional readout unit exhausts said 
pixel outputs generated at predetermined pixel 
positions through said exhaust gate during said 
operation of generating a one-dimensional image. 

30 

[0057] In the above-described configuration, for • 
example, the centeriine 182 in Rg. 17 and the like are 
set at "predetermined pixel positions". Then, a pixel out- 
put generated at the centeriine 1 82 is exhausted from 

as an exhaust gate during a vertical transfer. 

[0058] As a result, no heterogeneous luminance 
distribution is added to a one-dimensional image, which 
makes it possible to avoid any reduction of contrast or 
S/N of the one-dimensional image. 

40 [0059] Thus, according to the present invention, the 
quality of signals of a one-dimensional image can be 
improved by exhausting pixel outputs during vertical 
transfers selectively. 

45 (Claim 8) 

[0060] The invention described in claim 8 is an 
image sensing device according to Claim 7, further 
comprising: 



a two-dimensional readout unit for transferring said 
pixel outputs of said light receiving pixels through 
said group of vertical transfer paths and said hori- 
zontal transfer path to generate a two-dimensional 
55 image prior to said operation of generating a one- 
dimensional image; and 

an image analysis unit for receiving said two- 
dimensional image from said two-dimensional rea- 
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dout unit and for detecting the positions of pixels 
having low vertical correlation based on a pattern of 
said two-dimensional image, wherein 

said pixel outputs generated at the positions of pix- 
els having low vertical correlation and detected by 
said image analysis unit are exhausted through 
said exhaust gate during said operation of generat- 
ing a one-dimensional image. 

[0061] In the above-described configuration, a two- 
dimensional readout unit reads out a two-dimensional 
image on an experimental basis prior to an operation of 
generating a one-dimensional image. 
[0062] An image analysis unit detects the position 
of a pixel having low vertical correlation based on the 
pattern of the two-dimensional image. As a result, the 
positions of pixels with a heterogeneous luminance dis- 
tribution in the vertical direction where the centeriine 
162 shown in Fig. 17, foreign substances, scratches, 
and the like exist are property specified. 
[0063] The one-dimensional readout unit exhausts 
a pixel output of a pixel position thus specified. There- 
fore, no heterogeneous luminance distribution is added 
to the one-dimensional image, which makes it possible 
to improve the quality of a signal from the one-dimen- 
sional image reliably. 

(Claim 9) 

[0064] The invention described in claim 9 is an 
image sensing device according to Claim 7, further 
comprising: 

a two-dimensional readout unit for transferring said 
pixel outputs of said light receiving pixels through 
said group of vertical transfer paths and said hori- 
zontal transfer path to generate a two-dimensional 
image prior to said operation of generating a one- 
dimensional image; and 

an unnecessary pixel specifying unit for performing 
pattern matching between said two-dimensional 
image and a registered pattern to find the type of 
said two-dimensional image or positional relation- 
ship, thereby specifying the positions of pixels 
unnecessary for the generation of a one-dimen- 
sional image which are defined in advance in said 
registered pattern, wherein 
said pixel outputs generated at the positions of pix- 
els unnecessary for the generation of a one-dimen- 
sional image specified by said unnecessary pixel 
specifying unit are exhausted through said exhaust 
gate during said operation of generating a one- 
dimensional image. 

[0065] In the above-described configuration, the 
two-dimensional readout unit reads out a two-dimen- 
sional image on an experimental basis prior to an oper- 
ation of generating a one-dimensional image. 



[0066] An unnecessary pixel specifying unit per- 
forms pattern matching between the two-dimensional, 
image and a registered pattern. Such pattern matching 
makes it possible, for example, to determine the type of 

5 the two-dimensional image and to detect the accurate 
position of a pattern on the two-dimensional image". 
[0067] The positions of pixels which are not 
required for the generation of the one-dimensional 
image are defined in advance in the registered patterns. 

10 [0068] The unnecessary pixel specifying unit speci- 
fies the positions of unnecessary pixels on the two- 
dimensional image through coordinate transformation 
calculations based on the result of the above pattern 
matching and the positions of unnecessary pixels 

15 defined in advance in the registered patterns. 

[0069] This makes it possible to properly specify the 
positions of heterogeneous pixels such as the center- 
line 182 shown in Fig. 17 which can cause a reduction 
of contrast 

20 [0070] The one-dimensional readout unit exhausts 
pixel outputs of the pixel positions thus specified. There- 
fore, no heterogeneous luminance distribution is added 
to the one-dimensional image, which makes it possible 
to improve the quality of a signal from the one-dimen- 

25 sional image reliably. 

(Claim 1 0) 

[0071] The invention described in claim 10 is an 
30 alignment device comprising: 

an image sensing device as defined in any one of 
Claims 4 through 9; and 

an alignment detecting unit for picking up an image 
35 of an alignment mark using said image sensing 
device and for detecting alignment of an object 
whose image is to be picked up based on an image 
read out from said image sensing device. 

40 (Claim 11) 

[0072] The invention described in claim 11 is a 
method of adjusting position comprising the step of: 

45 an image pickup step for picking up an image of an 
alignment mark using an image sensing device as 
defined in any one of Claims 4 through 9 to gener- 
ate an image signal; 

a position detection step for finding the position of 
so said alignment mark based on said image signal; 
and 

a position adjustment step for controlling the posi- 
tion or an object whose image is to be picked up in 
accordance with the position of said alignment 
55 mark. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0073] 

Fig. 1 ts a diagram showing a schematic configure- 5 
tion of a first mode for carrying out the invention. 
Fig. 2 is a diagram showing an internal configura- 
tion of a solid-state image sensor 1 6. 
Fig. 3 is a diagram showing timing for driving the 
solid-state image sensor 16 in the first mode for io 
carrying out the invention. 
Rg. 4 is a diagram for explaining a charge transfer- 
ring state of the solid-state image sensor 16 in the 
first mode for carrying out the invention. 
Rg. 5 is a diagram showing a schematic configure- is 
tion of a second mode for carrying out the invention. 
Rg. 6 is a flow chart for explaining an operation of a 
transfer control unit 43 in the second mode for car- 
rying out the invention. 

Rg. 7 is a diagram showing a configuration of an 20 
image sensing device 130 in a third mode for carry- 
ing out the invention. 

Rg. 8 Is a block diagram showing a configuration of 
an alignment device 140. 

Rg. 9 is a timing chart of a one-dimensional read- 25 
out operation in the third mode for carrying out the 
invention. 

Rg. 10 is a flow chart showing an operation of a 
microprocessor 142 in a fourth mode for carrying 
out the invention. ao 
Rg. 1 1 is a diagram for explaining an example of 
detection of unnecessary lines. 
Rg. 12 is a block diagram showing a configuration 
of an alignment device 1 50 in a fifth mode for carry- 
ing out the invention. 35 
Rg. 13 is a flow chart showing an operation of a 
microprocessor 152 in the fifth mode for carrying 
out the invention. 

Rg. 14 is a diagram showing examples of alignment 
marks MXn and MYn. 40 
Rg. 15 is a diagram showing an example of an 
image sensing device for detecting alignment 
according to the prior art. 

Rg. 1 6 is a diagram showing driving timing accord- 
ing to the prior art 45 
Rg. 1 7 is a detailed diagram showing an example of 
an alignment mark. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 50 

[0074] Modes for carrying out the invention will now 
be described with reference to the drawings. 

(First Mode for Carrying out the Invention) 55 

[0075] A first mode for carrying out the invention is 
a mode for carrying out the invention corresponding to 



Claims 1,2, 4, 5, 10 and 11. 

[0076] Rg. 1 is a diagram showing a schematic 
configuration of the first mode for carrying out the inven- 
tion. 

[0077] Referring to Rg. 1 , an exposure device 1 1 is 
formed by a stage 13 on which a sample 12 to be 
exposed is placed, a projection optical system 14 for 
projecting a circuit pattern and the like upon the sample 
12 and the like. 

[0078] One end of an alignment optical system 1 5 is 
located in the vicinity of the region illuminated by the 
projection optical system 14. Another end of the align- 
ment optical system 1 5 is split by a beam splitter into an 
output optical path and an input optical path. An image 
surface of a solid-state image sensor 16 is located 
ahead the output optical path. A luminous element 17 is 
provided at the entrance of the input optical path. 
[0079] A transfer output from the solid-state image 
sensor 16 is supplied to a signal processing circuit 20 
for detecting the position of an alignment mark. The 
result of detection at the signal processing circuit 1 9 is 
supplied to a position control unit 20. The position con- 
trol unit 20 controls a stage driving mechanism 21 
according to the detected position to adjust the position 
of the stage 13. 

[0080] Rg. 2 is a diagram showing an internal con- 
figuration of the above-described solid-state image sen- 
sor 16. 

[0081] Referring to Rg. 2, a plurality of photodiodes 
31 are arranged in the form of a matrix on the image 
surface of the solid-state image sensor 1 6 (for simplicity 
of explanation, Rg. 2 shows 10 rows by 5 columns of 
photodiodes 31). 

[0082] Vertical CCDs 32 are provided adjacent to 
each of the vertical columns of the photodiodes 31 . Ver- 
tical transfer pulses $V1 through $V4 in four phases are 
applied to transfer electrodes of the vertical CCDs 32 
from a vertical transfer circuit 33. 
[0083] Referring to transfer electrodes to which the 
vertical pules $V2 and <>V4 are applied, the electrodes 
are extended to transfer diffusions interposed between 
the photodiodes 31 and the vertical CCDs 32. As a 
result, those transfer electrodes also serve as transfer 
gate electrodes. 

[0084] A horizontal CCD 34 is provided along out- 
put ends of the plurality of vertical CCDs 32. Diffusion 
layers of the horizontal CCD 34 are set at a width or 
depth such that each potential well is not saturated even 
when it accepts signal charges for four vertical pixels. 
[0085] Horizontal transfer pulses <j>H1 and $H2 in 
two phases are applied to transfer electrodes of the hor- 
izontal CCD 34 from a horizontal transfer circuit 35. 
Transfer outputs from the horizontal CCD 34 are output 
to an external signal processing circuit 19 (Rg. 1) 
through an output amplifier or the like. 
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(Correspondence between Claims and the First Mode 
for Carrying out the Invention) 

[0086] A description will now be made on corre- 
spondence between the claims and the first mode for s 
carrying out the invention. 

[0087] Referring to correspondence between 
Claims 1 and 2 and the first mode for carrying out the 
invention, the light receiving pixels correspond to the 
photodiodes 31; the vertical CCDS correspond to the 
vertical CCDs 32; and the horizontal CCD corresponds 
to the horizontal CCD 34. 

[0088] Referring to correspondence between 
Claims 4 and 5 and the first mode for carrying out the 
invention, in addition to the above-described corre- 
spondence; the vertical transfer circuit corresponds to 
the vertical transfer circuit 33, and the horizontal trans- 
fer circuit corresponds to the horizontal transfer circuit 
35. 

(Operation of the First Mode for Carrying out the Inven- 
tion) 

[0089] Fig. 3 is a diagram showing timing for driving 
the solid-state image sensor 1 6 in the first mode for car- 
rying out the invention. Fig. 4 is a diagram for explaining 
a charge transferring state of the solid-state image sen- 
sor 16 in the first mode for carrying out the invention. 
[0090] An operation of the first mode for carrying 
out the invention will now be described with reference to 
Figs. 3 and 4. 

[0091 ] The vertical transfer circuit 33 sets the verti- 
cal transfer pulses $V2 and $V4 at a high potential (e.g., 
10 volts) at the timing of a vertical interval period T1 as 
shown in Fig. 3. Then, channels are formed between 
the photodiodes 31 and vertical CCDs 32 to transfer sig- 
nal charges accumulated at the photodiodes 31 to the 
vertical CCDs 62 at a time. 

[0092] Ether of the vertical transfer pulse $V1 and 
$V3 is set at an intermediate potential (e.g., 2 volts) dur- 
ing the vertical interval period T1 . As a result, a plurality 
of potential wells for three transfer electrodes are 
formed on the vertical CCDs 32. In each of the potential 
wells, signal charges for vertical two pixels transferred 
thereto are mixed to generate a two line mixture signal 
suitable for interlace scanning. 
[0093] Next, the vertical transfer circuit 33 outputs 
one period of each of the transfer pulses in four phases 
at the timing of a first halt T2 of a horizontal interval 
period as shown in Fig. 3. Then, the potential wells on 
the vertical CCDs 32 are shifted toward the horizontal 
CCD 34 by two rows. At this time, mixture signals for the 
first and second rows are output from the vertical CCDs 
32 to be transferred to the respective potential wells on 
the horizontal CCD34. 

[0094] Subsequently, the vertical transfer circuit 33 
outputs another period of each of the transfer pulses in 
four phases at the timing of a second half T2' of the hor- 
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izontal interval period shown in Rg. 3. Then, the poten- 
tial wells on the vertical CCDs 32 are shifted toward the 
horizontal CCD 34 by two rows. 

[0095] At this time, mixture signals for the third and 
fourth rows are output from the vertical CCDs 32. As a 
result, mixture signals for the first through fourth rows 
are generated at the respective potential wells on the 
horizontal CCD 34. 

[0096] Next, the horizontal transfer circuit 35 sets 
the horizontal transfer pulses <>H1 and $H2 as transfer 
pulses in two phases at the timing of a horizontal scan- 
ning period T3 as shown in Rg. 3. Then, the mixture sig- 
nals for the first through fourth rows are output in a 
serial manner from an output end of the horizontal CCD 
34 (see Rg. 4A). 

[0097] Next, the vertical transfer circuit 33 outputs 
one period of each of the transfer pulses in four phases 
at the timing of a first half T4 of a horizontal interval 
period as shown in Rg. 3. Then, the potential wells on 
the vertical CCDs 32 are shifted toward the horizontal 
CCD 34 by two rows. At this time, mixture signals for the 
fifth and sixth rows are output from the vertical CCDs 32 
to be transferred to the respective potential wells on the 
horizontal CCD34. 

[0098] Subsequently, the vertical transfer circuit 33 
outputs another period of each of the transfer pulses in 
four phases at the timing of a second half T4' of the hor- 
izontal interval period shown in Rg. 3. Then, the poten- 
tial wells on the vertical CCDs 32 are shifted toward the 
horizontal CCD 34 by two rows. 
[0099] At this time, mixture signals for the seventh 
and eighth rows are output from the vertical CCDs 32. 
As a result, mixture signals for the fifth through eighth 
rows are generated at the respective potential wells on 
the horizontal CCD 34. 

[0100] Next, the horizontal transfer circuit 35 sets 
the horizontal transfer pulses <J>H1 and $H2 as transfer 
pulses in two phases at the timing of a horizontal scan- 
ning period T5 as shown in Rg. 3. Then, the mixture sig- 
nals for the first through fourth rows are output in a 
serial manner from the output end of the horizontal CCD 
34 (see Rg. 4B). 

[0101] Next, the vertical transfer circuit 33 outputs 
one period of each of the transfer pulses in four phases 
at the timing of a horizontal interval period T6 as shown 
in Rg. 3. Then, the potential wells on the vertical CCDs 
32 are shifted toward the horizontal CCD 34 by two 
rows. 

[01 02] At this time, mixture signals for the ninth and 
tenth rows are output from the vertical CCDs 32 to be 
transferred to the respective potential wells on the hori- 
zontal CCD34. 

[0103] Next, the horizontal transfer circuit 35 sets 
the horizontal transfer pulses $H1 and $H2 as transfer 
pulses in two phases at the timing of a horizontal scan- 
ning period T7 as shown in Rg. 3. Then, the mixture sig- 
nals for the ninth and tenth rows are output in a serial 
manner from the output end of the horizontal CCD 34 
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(see Fig. AC). 

[0104] According to such a method of driving the 
solid-state image sensor 1 6, the mixture signals are in 
the following order. Specifically, the mixture signals for 
the first through fourth rows are output; the mixture sig- 5 
nab for the fifth through eighth rows follow; and the mix- 
ture signals for the ninth and tenth rows follow. 
[0105] The signal processing circuit 19 (Fig. 1) 
sequentially receives the above-described mixture sig- 
nals to detect the phase of a wedge-shaped portion in 
the mixture signals. The position control unit 20 detects 
the current position of an alignment mark based on the 
wedge-shaped portion. The position control unit 20 con- 
trols the position of the stage driving mechanism 21 in 
the directions of X and Y axes such that the difference 
between the current position of the alignment mark and 
a target position is nullified, thereby adjusting the posi- 
tion of the stage 13. 

(Effects and the Like of the First Mode for Carrying out 
the Invention) 

[01 05] As described above, in the first mode for car- 
rying out the invention, a horizontal transfer is per- 
formed after signal charges for four vertical pixels are 
mixed. This reduces the number of horizontal transfers 
from that in the example of the prior art (Fig. 16) to 
shorten the period for reading an image of an alignment 
mark. 

[0107] Especially, since the exposure device 11 
repeats such a process of reading an image of an align- 
ment mark many times, the throughput of the exposure 
device 1 1 can be significantly improved. 
[0108] In the first mode for carrying out the inven- 
tion, noise components having no vertical correlation 
can be reduced during mixing of signal charges at the 
horizontal CCD 34. This eliminates any need for config- 
urations such as the noise rejection circuit 70 (Rg. 15) 
and therefore makes it possible to simplify the configu- 
ration of an image sensing device. 
[0109] Further, in the first mode for carrying out the 
invention, the number of horizontal lines is substantially 
halved unlike the operation of the noise rejection circuit 
70 (Fig. 1 5). This reduces the amount of signal process- 
ing at the signal processing circuit 1 9 to make it possible 
to shorten the processing time required for position 
detection. The effect of reduction of such a period is 
especially significant for the exposure device 1 1 which 
repeats such signal processing many times. Therefore, 
such an effect of reducing processing time makes it pos- 
sible to improve the throughput of the exposure device 
11 significantly. 

[0110] In the first mode for carrying out the inven- 
tion, since vertical pixels are mixed within a limit such 
that no saturation of the horizontal CCD 34 occurs, any 
wedge-shaped portion in image signals is not lost It is 
therefore possible to generate transfer outputs suitable 
for the adjustment of the position of the exposure device 
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11. 

[0111] While a horizontal transfer is performed each 
time four vertical pixels are mixed on the horizontal CCD 
34 in the first mode for carrying out the invention, the 
invention is not limited thereto. In general, the period 
required for reading an image can be reduced from that 
in the example of the prior art by performing a horizontal 
transfer each time three or more vertical pixels are 
mixed on the horizontal CCD 34. 
[0112] While the above-described first mode for 
carrying out the invention has referred to a case 
wherein two vertical pixels are mixed on the vertical 
CCDs 32, the present invention is not limited thereto. 
For example, the mixing of signal charges may be per- 
formed only on the horizontal CCD 34. Further, it is 
obvious that the present invention is not limited to either 
interlace scanning or progressive scanning. 
[0113] Further, while the above-described first 
mode for carrying out the invention has referred to an 
application of the invention to an inter-line transfer type 
solid-state image sensor 1 6, the present invention is not 
limited thereto. For example, the invention may be 
applied to a frame transfer type solid-state image sen- 
sor. 

[0114] Further, while no mention was made on the 
direction of incidence of light upon a solid-sate image 
sensor in the above-described first mode for carrying 
out the invention, the present invention is applicable 
whether light is incident upon a front or back surface of 
a sensor according to the prior art 
[0115] While the above-described first mode for 
carrying out the invention has made no mention of the 
wavelength of light incident upon a solid-state image 
sensor, it is obvious that the present invention is not lim- 
ited to any particular wavelength. 
[0116] Another mode for carrying out the invention 
will now be described. 

(Second mode for Carrying out the Invention) 

[01 1 7] The second mode for carrying out the inven- 
tion is a mode for carrying out the invention correspond- 
ing to the inventions defined in Claims 1 through 6 and 
Claims 10 and 11. 

[0118] Rg. 5 is a diagram showing a schematic 
configuration of the second mode for carrying out the 
invention. 

[0119] The configuration of the second mode for 
carrying out the invention has the features as described 
in the following items (1 ) through (3). 

(1) A transfer output from a solid-state image sen- 
sor 16 is supplied to a signal processing circuit 19 
and a level detector 42. 

(2) A peak detection output from the level detector 
42 is received by a transfer control unit 43. 

(3) The transfer control unit 43 controls the transfer 
operations of the vertical transfer circuit 33 and hor- 
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izontat transfer circuit 35 in the solid-state image 
sensor 16. 

[0120] Components in the second mode for carry- 
ing out the invention similar to those in the first mode for 
carrying out the invention (Rgs. 1 and 2) are given like 
reference numbers and will not be described here. - 

(Correspondence between Claims and the Second 
Mode for Carrying out the Invention) 

[0121] A description will now be made on corre- 
spondence between the claims and the second mode 
for carrying out the invention. 

[0122] Referring to correspondence between 
Claims 1 through 3 and the second mode for carrying 
out the invention, the light receiving pixels correspond to 
photodiodes 31; the vertical CCDs correspond to verti- 
cal CCDs 32; and the horizontal CCD corresponds to a 
horizontal CCD 34. 

[0123] Referring to correspondence between 
Claims 4 and 5 and the second mode for carrying out 
the invention, in addition to the above-described corre- 
spondence; the vertical transfer circuit corresponds to a 
vertical transfer circuit 33, and the horizontal transfer 
circuit corresponds to a horizontal transfer circuit 35. 
[0124] Referring to correspondence between Claim 
6 and the second mode for carrying out the invention, in 
addition to the above-described correspondence, the 
level detector corresponds to the level detector 42; and 
number adjustment means corresponds to the transfer 
control unit 43. 

(Operation of the Second Mode for Carrying out the 
Invention) 

[0125] Fig. 6 is a flow chart for explaining an opera- 
tion of the transfer control unit 43 in the second mode for 
carrying out the invention. The operation in the second 
mode for carrying out the invention will now be 
described by following the steps of operation shown in 
Fig. 6. 

[0126] First, the transfer control unit 43 initializes 
the number N of vertical transfers at a value of, for 
example, "3" (S1 in Fig. 6). 

[0127] Next, the transfer control unit 43 sets "the 
total number of vertical transfer operations in the solid- 
state image sensor 16" as the number Z of remaining 
transfers (S2 in Fig. 6). 

[0128] In this state, the transfer control unit 43 con- 
trols the vertical transfer circuit 33 to transfer signal 
charges at the photodiodes 31 to the vertical CCDs 32 
at a time (S3 in Rg. 6). 

[0129] Next, the transfer control unit 43 controls the 
vertical transfer circuit 33 to perform N times of vertical 
transfers of signal charges repeatedly (S4 in Rg. 6). 
[0130] Concurrently with such an operation, the 
transfer control unit 43 subtracts the number N of verti- 
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cal transfers from the number Z of remaining transfers 
to update the number Z of remaining transfers (S5 in 
Rg. 6). 

[0131] When such a repetitive vertical transfer oper- 

5 ation is completed, mixture signals of signal charges are 
generated in potential wells on the horizontal CCD 34. 
In this state, the transfer control unit 43 controls the hor- 
izontal transfer circuit 35 to horizontally transfer the mix- 
ture signals on the horizontal CCD 34 (S6 in Rg. 6). 

to [01 32] The level detector 42 receives a transfer out- 
put horizontally transferred from the horizontal CCD 34 
to perform peak detection. The transfer control unit 43 
acquires a peak level of the transfer output from the 
level detector 42 after when the horizontal transfer is 

is completed (S7 in Rg. 6). 

[0133] The transfer control unit 43 determines 
whether the peak level of the transfer output has 
reached a saturation value or not (S8 in Rg. 6). 
[0134] ff the peak level of the transfer output has 

20 reached the saturation value (YES at S8 In Rg. 6), the 
transfer control unit 43 decrements the number N of ver- 
tical transfers by 1 (S9 in Rg. 6), and the operation 
thereafter proceeds to step S12. 
[0135] if the peak level of the transfer output has not 

25 reached the saturation value (NO at S8 in Rg. 6), the 
transfer control unit 43 determines whether the peak 
level of the transfer output is equal or smaller than a pre- 
determined threshold (S10 in Rg. 6). The "predeter- 
mined threshold" is a value equivalent to a lower limit 

so value of a proper peak level. 

[0136] if the peak level of the transfer output is 
smaller than the threshold (YES at S10 in Rg. 6), the 
transfer control unit 43 increments the number N of ver- 
tical transfers by 1 (S1 1 in Rg. 6), and the operation 

35 thereafter proceeds to step S1 2. 

[0137] if the peak level of the transfer output is 
equal to or greater than the threshold (NO at S1 0 in Rg. 
6), it is determined that the signal level of the transfer 
output is within a proper range. Then, the transfer con- 

40 troi unit 43 maintains the value of the number N of verti- 
cal transfers, and the operation proceeds to step S12. 
[0138] After such adjustment of the number N of 
vertical transfers is completed, the transfer control unit 
43 determines the value of the number Z of remaining 

45 transfers (S12 in Rg. 6). If the number Z is equal to or 
smaller than zero (NO at S12 in Rg. 6), the transfer con- 
trol unit 43 determines that image readout for one 
screen has been completed, and the operation pro- 
ceeds to step S2. 

so [0139] if the number Z is greater than zero (YES at 
S12 in Rg. 6), the transfer control unit 43 determines 
that image readout for one screen has not been com- 
pleted, and the operation returns to step S4. 

55 (Effects and the Like of the Second Mode for Carrying 
out the Invention) 

[0140] In the second mode for carrying out the 
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invention, through the execution of a series of opera- 
tions as described above, the number IM of vertical 
transfers per one horizontal transfer is dynamically 
adjusted in accordance with the peak level of the trans- 
fer output It is therefore possible to adjust the amount of 5 
signal charge mixing with flexibility in accordance with 
changes in the amount of incident light 

[0141] While the number of vertical transfers is 
adjusted such that no saturation of a transfer output 
from the horizontal CCD occurs in the above-described 10 
mode for carrying out the invention, the present inven- 
tion is not limited thereto. For example, it may be prefer- 
able that the peak level of a transfer output is saturated 
at a constant level during detection of a wedge-shaped 
portion in the transfer output. In such a case, the is 
number of vertical transfers may be adjusted such that 
the transfer output of the horizontal CCD is saturated 
provided that a semiconductor structure is provided to 
exhaust charges with which the horizontal CCD are sat- 
urated. 20 
[0142] While the number N of vertical transfers is 
adjusted in accordance with a peak level in the above- 
described second mode for carrying out the invention, 
the present invention is not limited thereto. For example, 
the number N of vertical transfers may be adjusted in 2s 
accordance with an average level or minimum value of a 
transfer output 

[0143] Another mode for carrying out the invention 
will now be described. 

30 

(Third Mode for Carrying out the Invention) 

[0144] The third mode for carrying out the invention 
is a mode for carrying out the invention corresponding 
to the inventions defined in Claims 7, 1 0 and 11. 35 
[0145] Fig. 7 is a diagram showing a configuration 
of an image sensing device 130 in the third mode for 
carrying out the invention. 

[0146] Referring to Fig. 7, the image sensing device 
130 is formed by an image sensor 130a and a pulse 40 
generation circuit 130b. A plurality of light receiving pix- 
els 131 for generating pixel outputs (e.g., signal 
charges) in accordance with quantity of light are pro- 
vided in the form of a matrix on a light receiving surface 
of the image sensor 1 30a. 45 
[0147] A transfer gate 132 for reading electric 
charges is provided for each of the light receiving pixels 
131. Further, vertical CCDs 133 is provided for each 
vertical column of light receiving pixels 131 with respec- 
tive transfer gates 1 32 interposed therebetween. so 
[0148] Transfer pulses <j>V1 through $V4 in multiple 
phases are supplied to the vertical CCDs 133 from the 
pulse generation circuit 130b to transfer pixel outputs in 
the vertical direction. The transfer gates 132 may be 
implemented by extending transfer electrodes of the 55 
vertical CCDs 133 to the light receiving pixels 131 and 
by driving the transfer electrodes with three values. 
[0149] Exhaust gates 135 are provided at the final 



stages of the vertical CCDs 1 33. A control signal $D for 
exhaust control is supplied to the exhaust gates 135 
from the pulse generation circuit 130b to exhaust pixel 
outputs to an exhaust drain, the substrate and the like. 

[0150] A horizontal CCD 134 is provided at the out- 
put ends of the vertical CCDs 133 with accumulation 
gates 136 interposed therebetween. A control signal $C 
for connecting and disconnecting the vertical CCDs 133 
and horizontal CCD 134 is supplied to the accumulation 
gates 136 from the pulse generation circuit 130b. 
[0151] Fig. 8 is a block diagram showing a configu- 
ration of an alignment device 140 having the image 
sensing device 130. 

[01 52] Referring to Rg. 8, the image sensor 1 30a is 
disposed in a position for picking up an image of an 
alignment mark. The above-described pulse generation 
circuit 130b for controlling an image reading operation is 
connected to a control terminal of the image sensor 
130a. 

[01 53] An image output provided by the image sen- 
sor 130a is supplied to a microprocessor 142 through 
an analog-digital converter or the like. The microproces- 
sor 142 varies the timing of pulse generation at the 
pulse generation circuit 130b. 

(Correspondence between the Invention and the Third 
Mode for Carrying out the Invention) 

[01 54] Correspondence between the present inven- 
tion and the above-described configuration will now be 
described. 

[0155] Referring to correspondence between the 
invention defined in Claim 7 and the third mode for car- 
rying out the invention, the light receiving pixels corre- 
spond to the light receiving pixels 131; the vertical 
transfer paths corresponds to the transfer gates 132 
and vertical CCDs 133; the horizontal transfer path cor- 
responds to the horizontal CCD 134; the one-dimen- 
sional readout unit corresponds to the pulse generation 
circuit 130b; and the exhaust gates correspond to the 
exhaust gates 135. 

[0156] Referring to correspondence between the 
invention defined in Claim 1 0 and the third mode for car- 
rying out the invention, the image sensing device corre- 
sponds to the image sensor 130a, pulse generation 
circuit 130b and "a function of controlling reading of a 
one-dimensional image" of the microprocessor 142; 
and the alignment detecting unit corresponds to "a func- 
tion of detecting alignment based on a one-dimensional 
image" of the microprocessor 142. 
[0157] Referring to correspondence between the 
invention defined in Claim 1 1 and the third mode for car- 
rying out the invention, the image pickup step corre- 
sponds to "a step of reading a one-dimensional image" 
performed by the image sensor 130a, pulse generation 
circuit 130b and microprocessor 142; the position 
detection step corresponds to "a step of detecting align- 
ment based on a one-dimensional image" performed by 
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the microprocessor 142; and the position adjustment 
step corresponds to "a step of adjusting the position of 
the exposure device in accordance with the result of 
alignment detection" performed by the microprocessor 
142. 

(Operation of the Third Mode for Carrying out the Inven- 
tion) 

[0158] An operation of the third mode for carrying 
out the invention will now be described. 
[0159] Fig. 9 is a flow chart of a one-dimensional 
readout operation performed by the image sensor 130 
and alignment device 140. 

[0160] First, the transfer gates 132 simultaneously 
open during period T1 as shown In Rg. 9. Then, pixel 
outputs generated at the light receiving pixels 131 are 
simultaneously transferred to the potential wells of the 
respective vertical CCDs 1 33 through the transfer gates 
132. 

[0161] Subsequently, transfer pulses $V1 through 
<>V4 for vertical transfer are repeatedly supplied to the 
vertical CCDs 133 during a period T2 as shown in Rg. 
9. As a result, the pixel outputs are sequentially trans- 
ferred to the output ends of the vertical CCDs 133. 
[01 62] During the period T2, the exhaust gates 1 35 
are normally closed, and the accumulation gates 136 
are open. Therefore, the pixel outputs transferred to the 
final stages of the vertical CCDs 133 are accumulated 
one after another as they are in the respective potential 
wells on the horizontal CCD 134. 
[0163] During the period T2, there is a point in time 
at which pixel outputs such as the centerilne 1 82 shown 
in Rg. 17 enter the final stages. When a large image 
pickup range is set, there is a point in time at which pixel 
outputs of the peripheral pattern 183 shown in Rg. 17 
enter the final stages. 

[01 64] The pulse generation circuit 1 30b inverts the 
control signals $C and $D at those points in time to open 
the exhaust gates 135 and to close the accumulation 
gates 136. As a result, heterogeneous pixel outputs are 
exhausted from the exhaust gates 135 instead of being 
transferred to the horizontal CCD 134. 
[0165] Specific timing of an exhaust operation is 
determined in accordance with the pattern of an align- 
ment mark. 

[0166] Further, when the timing of an exhaust oper- 
ation is to be determined with high accuracy, it is deter- 
mined by timing at which a heterogeneous pixel output 
reaches an exhaust gate based on (1) the pattern of the 
alignment mark, (2) the image pickup range and (3) the 
scanning sequence. 

[0167] As a result of a series of operations as 
described above, only homogeneous pixel outputs are 
added in each of the potential wells on the horizontal 
CCD 134 in the direction of the vertical columns. 
[0168] Next, transfer pulses <j>H1 and $H2 for verti- 
cal transfer are supplied to the horizontal CCD 134 in a 



period T3 as shown in Rg. 9. The "sums of pixel out- 
puts" accumulated on the horizontal CCD 134 are 
sequentially horizontally transferred by the transfer 
pulses to be externally output as image signals of the 
5 one-dimensional image. 

[0169] The microprocessor 1 42 detects the position 
of an alignment marie based on the phase of the one- 
dimensional image. Further, the microprocessor 142 
provides the exposure device with feedback of the dit- 
to fere nee between the current position of the alignment 
mark and a target position to control the position adjust- 
ment of the exposure device. 

(Effects and the Like of the Third Mode for Carrying out 
is the Invention) 

[0170] In the third mode for carrying out the inven- 
tion, the above-described operation makes it possible to 
selectively exhaust pixel outputs under vertical transfer 

20 from the final stages of the vertical CCDs 133 through 
the exhaust gates 1 35. Therefore, it is possible to selec- 
tively exhaust heterogeneous pixel outputs which can 
reduce the quality of signals of a one-dimensional 
image and to thereby improve the quality of signals of a 

25 one-dimensional image. 

[0171] While the accumulation gates 136 are pro- 
vided in the above-described third mode for carrying out 
the invention, the present invention is not limited 
thereto. For example, the accumulation gates 136 may 

30 be deleted by exhausting pixel outputs at the final 
stages at timing when the vertical CCDs 133 and the 
horizontal CCD 134 are separated from each other as a 
result of a vertical transfer operation. 
[0172] While the exhaust gates 1 35 are provided at 

35 the final stages of the vertical CCDs 133 in the above- 
described third mode for carrying out the invention, the 
present invention is not limited thereto. Exhaust gates 
may alternatively be provided at intermediate stages of 
the vertical CCDs 133. 

40 [0173] While, pixel outputs are exhausted in the 
direction of the plane of the semiconductor substrate 
through the exhaust gates 135 in the above-described 
third mode for carrying out the invention, the present 
invention is not limited thereto. For example, pixel out- 

45 puts may be exhausted in the direction of the depth of a 
semiconductor substrate. 

[0174] While the control signal $D is commonly 
supplied to all of the exhaust gates 135 to exhaust pixel 
outputs for each horizontal line at a time in the above- 
so described third mode for carrying out the invention, the 
present invention is not limited thereto. For example, an 
independent control signal may be applied to each indi- 
vidual exhaust gate 1 35 to control exhaust of each pixel. 
In this case, determination may be made on each pixel 
55 to see whether it can cause any reduction in the quality 
of a signal of a one-dimensional image, thereby allowing 
finer exhaust control. 

[0175] Another mode for carrying out the invention 
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will now be described. 

(Fourth Mode for Carrying out the Invention) 

[0176] The fourth mode for carrying out the inven- 5 
tion is a mode for carrying out the invention correspond- 
ing to the inventions defined in Claims 7, 8, 1 0 and 1 1 . 
[0177] Since components of an image sensing 
device 130 and an alignment device 140 are the same 
as those in the third mode for the invention (Figs. 7 and w 
8), they are indicated by like reference numbers and will 
not be described here. 

(Correspondence between the Inventions and the 

Fourth Mode for Carrying out the Invention) is 

[0178] Correspondence between the inventions 
and the above-described configuration will be 
described. 

[0179] Referring to correspondence between the 20 
invention defined in Claim 7 and the fourth mode for car- 
rying out the invention, the light receiving pixels corre- 
spond to the light receiving pixels 131; the vertical 
transfer paths corresponds to transfer gates 132 and 
vertical CCDs 133; the horizontal transfer path corre- 25 
sponds to a horizontal CCD 134; the one-dimensional 
readout unit corresponds to a pulse generation circuit 
130b and a microprocessor 142; and the exhaust gates 
correspond to exhaust gates 135. 

[0180] Referring to correspondence between the ao 
invention defined in Claim 8 and the fourth mode for car- 
rying out the invention, the two-dimensional readout unit 
corresponds to "a function of reading a two-dimensional 
image from an image sensor 130a* of the pulse gener- 
ation circuit 130b and microprocessor 142; and the 35 
image analysis unit corresponds to "a function of detect- 
ing the positions of pixels having low vertical correlation 
from a pattern of a two-dimensional image" of the micro- 
processor 142. 

[0181] Referring to correspondence between the 40 
invention defined in Claim 10 and the fourth mode for 
carrying out the invention, the image sensing device 
corresponds to the image sensor 130a, pulse genera- 
tion circuit 130b and "a function of controlling readout of 
a one-dimensional image" of the microprocessor 142; 45 
and the alignment detecting unit corresponds to "a func- 
tion of detecting alignment based on a one-dimensional 
image" of the microprocessor 1 42. 
[0182] Referring to correspondence between the 
invention defined in Claim 1 1 and the fourth mode for so 
carrying out the invention, the image pickup step corre- 
sponds to steps S21 through S30 in Fig. 1 0; the position 
detection step corresponds to step S31 in Fig. 10; and 
the position adjustment step corresponds to step S32 in 
Fig. 10. 55 



(Operation of the Fourth Mode for Carrying out the 
Invention) 

[0183] Rg. 1 0 is a flow chart showing an operation 
of the microprocessor 142. An operation of the fourth 
mode for carrying out the invention will now be 
described following the step numbers shown in Rg. 10. 
[0184] First, the microprocessor 142 reads a two- 
dimensional image from the image sensor 130a by the 
pulse generation circuit 130b (step S21). 
[0185] The microprocessor 142 determines pres- 
ence or absence of vertical correlation by performing 
comparison such as obtaining differences between hor- 
izontal lines of the two dimensional image (step S22). 
[0186] As shown in Rgs. 11 A through 11C, the 
microprocessor 142 determines horizontal lines having 
low vertical correlation and stores them as "unneces- 
sary lines" (step S23). 

[0187] After the above-described operation is com- 
pleted, the microprocessor 142 transfers pixel outputs 
generated at light receiving pixels 131 to the vertical 
CCDs 133 at a time through the pulse generation circuit 
130b (step S24). 

[0188] Next, the microprocessor 142 determines 
whether the next pixel outputs to be output from the ver- 
tical CCDs 133 are an unnecessary line or not (step 
S25). 

[0189] If it is an unnecessary line (YES at step 
S25), the microprocessor 1 42 sets exhaust gates 1 35 in 
an open state and accumulation gates 136 in a closed 
state (step S26). 

[0190] If ft is not an unnecessary line (NO at step 
S25), the microprocessor 142 sets the exhaust gates 
135 in a closed state and the accumulation gates in an 
open state (step S27). 

[0191] After completing such gate setting, the 
microprocessor 142 supplies vertical transfer pulses 
$V1 through $V4 for one cycle to the image sensor 130a 
through the pulse generation circuit 130b. As a result, 
the pixel outputs on the vertical CCDs 133 are shifted in 
the vertical direction by one stage (step S28). 
[01 92] At this time, the pixel outputs of unnecessary 
lines are exhausted from the exhaust gates 135. Pixel 
outputs other than those of unnecessary lines are out- 
put and added to respective potential wells of the hori- 
zontal CCD 134. 

[0193] When such one cycle of vertical transfers is 
completed, the microprocessor 142 determines 
whether vertical transfers for one screen have been 
completed or not (step S29). 

[0194] If vertical transfers for one screen have not 
been completed (NO at step S29), the microprocessor 
142 returns the operation to step S25 to repeat the 
above-described operation. 

[01 95] If vertical transfers for one screen have been 
completed (YES at step S29), pixel outputs which have 
been vertically added excluding those for unnecessary 
lines are accumulated in each of the potential wells of 
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the horizontal CCD 134. In this state, the microproces- 
sor 142 supplies horizontal transfer pulses $H1 and$H2 
repeatedly to the image sensor 1 30a through the pulse 
generation circuit 130b. As a result, high quality one- 
dimensional image signals are sequentially output from 5 
the horizontal CCD 134 (step S30). 

[01 96] The microprocessor 1 42 performs alignment 
detection based on phase information in the one-dimen- 
sional image signals (step S31). 

[0197] The microprocessor 142 outputs a control 10 
signal based on the result of the alignment detection to 
adjust the position of the exposure device which is the 
object of the control (step S32). 

(Effects and the Like of the Fourth Mode for Carrying is 
out the Invention) 

[01 98] In the fourth mode for carrying out the inven- 
tion, the above-described operation detects the posi- 
tions of pixels having low vertical correlation in a two- 20 
dimensional image and automatically detects the posi- 
tions of heterogeneous pixels which can reduce the 
quality of one-dimensional image signals. It is therefore 
possible to eliminate complicated operations such as 
manual setting of exhaust timing by an operator. 25 
[0199] In addition, determination of vertical correla- 
tion as described above makes it possible to specify for- 
eign substances and scratches on a pattern. Since, in 
manual setting, pixel outputs such as foreign sub- 
stances and scratches which are unexpected can also so 
be exhausted, the quality of signals of a one-dimen- 
sional image can be further improved. 
[0200] While the presence or absence of vertical 
correlation is determined from differences between 
adjoining horizontal lines or the like in the above- 35 
described fourth mode for carrying out the invention, the 
present invention is not limited thereto. For example, the 
presence or absence of vertical correlation may be 
determined by storing a horizontal line which is effective 
in generating a one-dimensional image as a reference 40 
pattern and by comparing other horizontal lines with the 
reference pattern. 

[0201] A horizontal line effective for alignment 
detection is characterized in that it has a particular hor- 
izontal spatial frequency component Therefore, it may 45 
be indirectly determined whether the position of each 
pixel of a two-dimensional image has vertical correlation 
with an effective horizontal line by determining whether 
the pixel has such a characteristic. 

[0202] While exhaust control is performed for each so 
horizontal line in the above-described fourth mode for 
carrying out the invention, the present invention is not 
limited thereto. Obviously, more precise exhaust control 
may be performed pixel by pixel. 

[0203] Another mode for carrying out the invention 55 
will now be described. 



(Frfth Mode for Carrying out the Invention) 

[0204] The fifth mode for carrying out the invention 
is a mode for carrying out the invention corresponding 
to the inventions defined in Claims 7, 9, 10 and 1 1 . 
[0205] Fig. 12 is a block diagram showing a config- 
uration of an alignment device 150 in the fifth mode for 
carrying out the invention. 

[0206] Referring to Fig. 12, an image sensor 130a 
is provided in a position where an alignment mark is to 
be sense. A pulse generation circuit 130b for controlling 
an image readout operation is connected to a control 
terminal of the image sensor 130a 
[0207] An image output provided by the image sen- 
sor 130a is supplied to a microprocessor 152 through 
an analog-digital converter or the like. The microproces- 
sor 152 varies the timing at which the pulse generation 
circuit 130b generates pulses. 
[0208] Further, a database storage 153 constituted 
by a hard disk device or the like is connected to the 
microprocessor 152. Information on an alignment mark 
is stored in advance as a registered pattern in the data- 
base storage 153. 

[0209] Since components in the image sensor 1 30a 
are the same as those in the third mode for carrying out 
the invention (Rg. 7), they are indicated by like refer- 
ence numbers and will not be described here. 

(Correspondence between the Inventions and the Fifth 
Mode for Carrying out the Invention) 

[0210] A description will now be made on corre- 
spondence between the inventions and the above- 
described configuration. 

[0211] Referring to correspondence between the 
invention defined in Claim 7 and the fifth mode for carry- 
ing out the invention, the fight receiving pixels corre- 
spond to light receiving pixels 131; the vertical transfer 
paths corresponds to transfer gates 132 and vertical 
CCDs 1 33; the horizontal transfer path corresponds to a 
horizontal CCD 134; the one-dimensional readout unit 
corresponds to the pulse generation circuit 130b and 
microprocessor 152; and the exhaust gates correspond 
to exhaust gates 135. 

[0212] Referring to correspondence between the 
invention defined in Claim 9 and the fifth mode for carry- 
ing out the Invention, the two-dimensional readout unit 
corresponds to "a function of reading a two-dimensional 
image from the image sensor 130a" of the pulse gener- 
ation circuit 130b and microprocessor 152; and the 
unnecessary pixel specifying unit corresponds to "a 
function of performing pattern matching between a two- 
dimensional image and a registered pattern to specify 
the positions of unnecessary pixels" of the microproces- 
sor^. 

[0213] Referring to correspondence between the 
invention defined in Claim 1 0 and the fifth mode for car- 
rying out the invention, the image sensing device corre- 
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sponds to the image sensor 130a, pulse generation 
circuit 130b and "a function of controlling readout of a 
one-dimensional image" of the microprocessor 152; 
and the alignment detecting unit corresponds to "a func- 
tion of detecting alignment based on a one-dimensional 5 
image" of the microprocessor 152. 

[0214] Referring to correspondence between the 
invention defined in Claim 1 1 and the fifth mode for car- 
rying out the invention, the image pickup step corre- 
sponds to steps S24 through S30 in Fig. 1 3; the position 10 
detection step corresponds to step S31 in Rg. 13; and 
the position adjustment step corresponds to step S32 in 
Fig. 13. 

(Operation of the Fifth Mode for Carrying out the Inven- is 
tion) 

[0215] Rg. 13 is a flow chart showing an operation 
of the microprocessor 152. An operation of the fifth 
mode for carrying out the invention will now be 20 
described following the step numbers shown in Rg. 13. 
[0216] Rrst, the microprocessor 152 reads a two- 
dimensional image from the image sensor 130a by the 
pulse generation circuit 130b (step S41). 
[0217] The microprocessor 152 performs pattern 25 
matching between the two-dimensional image and a 
registered pattern in the database storage 153. 
[0218] Referring to efficient algorithm for pattern 
matching, for example, sequential similarity detection 
algorithm, methods of obtaining a cross-correlation 30 
coefficient and structural matching methods are known 
("Image Analysis Handbook" supervised by Mikio Tak- 
agi, Tokyo Daigaku Shuppankai, 1991). 
[0219] Based on the result of such pattern match- 
ing, the microprocessor 152 specifies the type of an 35 
alignment mark and the accurate position of the align- 
ment mark on the two-dimensional image (step S42). 
[0220] Next, the microprocessor 152 reads prede- 
termined information on "the positions of pixels unnec- 
essary for the generation of a one-dimensional image" 40 
of the relevant alignment mark from the database stor- 
age 153. The pixel positions thus read out are subjected 
to coordinate transformation into positions of the align- 
ment mark on the two-dimensional image to specify the 
positions of pixels which are unnecessary in practice on 45 
the two-dimensional image. 

[0221] The microprocessor 152 determines and 
stores unnecessary lines based on the result of identifi- 
cation (step S43). 

[0222] When such a process is completed, the so 
microprocessor 152 performs the same operation as 
that in the fourth mode for carrying out the invention 
(steps S24 through S32 in Rg. 1 0) to read a high quality 
one-dimensional image, to detect alignment and to per- 
form position adjustment 55 
[0223] In the fifth mode for carrying out the inven- 
tion, through the above-described operation, pattern 
matching is carried out to automatically detect the posi- 



tions of heterogeneous pixels which can reduce the 
quality of signals of a one-dimensional image. It is 
therefore possible to eliminate complicated operations 
such as manual setting of exhaust timing by an opera- 
tor. 

[0224] While exhaust control is performed for each 
horizontal line in the above-described fifth mode for car- 
rying out the invention, the present invention is not lim- 
ited thereto. Obviously, more precise exhaust control 
may be performed pixel by pixel. 
[0225] While the above first through fifth modes for 
carrying out the invention have been described with ref- 
erence to a configuration in which an image of an align- 
ment mark on a stage is picked up, the present invention 
is not limited thereto. For example, alignment marks 
may be provided on both of a stage and a reticle, and a 
device according to the invention may pick up images of 
both of the marks in an overlapping relationship. In this 
case, any phase difference and the amount of any mis- 
alignment between those marks may be detected from 
spatial frequencies and phases of the overlapping 
images to match the positions of the stage and reticle 
relative to each other. 

INDUSTRIAL APPLICABILITY 

(Claims 1 and 4) 

[0226] According to the inventions defined in 
Claims 1 and 4, a horizontal transfer is performed each 
time signal charges for three or more vertical pixels are 
mixed on a horizontal CCD. This makes it possible to 
eliminate at least one horizontal scanning period and to 
shorten the period required for reading an image of an 
alignment mark accordingly. 

[0227] Especially, the effect of reducing such a 
period is significant for an exposure device because it 
repeats such a process of reading an image of an align- 
ment mark many times. 

[0228] Further, according to the present invention, 
signal charges are mixed on a horizontal CCD to reduce 
noise components having no vertical correlation. This 
eliminates any need for a noise rejection circuit 70 (Rg. 
15) and the like and therefore makes it possible to sim- 
plify the configuration of a device as a whole. 
[0229] Further, according to the invention, the 
number of horizontal lines transferred and output from a 
solid-state image sensor is reduced. This efficiently and 
adequately reduces burdens on subsequent steps 
associated with processing of transfer outputs (e.g., the 
amount of arithmetic processing for detecting the posi- 
tion of an alignment mark) to allow a further reduction of 
processing time. 

[0230] Especially, the effect of reduction of such a 
period is especially significant for an exposure device 
which repeats such signal processing many times. 
Therefore, such an effect of reducing processing time 
also makes it possible to improve the throughput of an 
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exposure device significantly. 
(Claims 2 and 5) 

[0231] According to the inventions defined in 
Claims 2 and 5, since saturation of signal charges is 
avoided by setting an adequate number of vertical 
transfers, any wedge-shaped portion in transfer outputs 
is not lost it is therefore possible to generate transfer 
outputs suitable for the adjustment of the position of an 
exposure device. 

• 

(Claims 3 and 6) 

[0232] According to the inventions defined in 
Claims 3 and 6, the number of vertical transfers per one 
horizontal transfer is increased or decreased in accord- 
ance with the signal level of transfer outputs from verti- 
cal CCDs. It is therefore possible to automatically adjust 
the amount of signal charge mixing on a horizontal CCD 
with flexibility in accordance with changes in the amount 
of incident light It is therefore possible to automatically 
adjust the output level of a solid-state image sensor to 
an adequate level. 

(Claim 7) 

[0233] An image sensing device as defined in Claim 

7 can selectively exhaust pixel outputs under vertical 
transfer through exhaust gates. It is therefore possible 
to selectively exhaust heterogeneous pixel outputs 
which can reduce the quality of signals of a one-dimen- 
sional image and to thereby improve the quality of the 
signals of a one-dimensional image. 

(Claim 8) 

[0234] An image sensing device as defined in Claim 

8 detects the positions of pixels having low vertical cor- 
relation from a two-dimensional image read out on an 
experimental basis, it is therefore possible to automati- 
cally specify the positions of heterogeneous pixels 
which can reduce the quality of signals of a one-dimen- 
sional image. 

[0235] Since exhaust timing of exhaust gates is 
determined based on the positions of such heterogene- 
ous pixels, it is possible to eliminate complicated opera- 
tions such as manual setting of the exhaust timing by an 
operator. 

[0236] Especially, a two-dimensional image is gen- 
erated here using the same light receiving pixels as 
those used for a one-dimensional image. Therefore, the 
present image sensing device can specify the positions 
of heterogeneous pixels with high positional accuracy. 
[0237] In addition, determination of vertical correla- 
tion as described above also makes it possible to spec- 
ify foreign substances and scratches on the pattern of 
interest, and extra peripheral patterns (patterns which 



are not vertically correlated) attributable to fluctuations 
of the image pickup range. Since, in manual setting, 
pixel outputs from even unexpected locations such as 
foreign substances and scratches can be reliably 
5 exhausted, a further improvement of the quality of sig- 
nals of a one-dimensional image can be achieved. 

(Claim 9) 

10 [0238] An image sensing device as defined in Claim 
9 specifies the positions of pixels unnecessary for the 
generation of a one-dimensional image by performing 
pattern matching between "a two-dimensional image 
which has been read out on an experimental basis" and 

15 "a registered image". 

[0239] Since the exhaust timing of exhaust gates is 
determined based on the positions of such unnecessary 
pixels, it is possible to eliminate complicated operations 
such as manual setting of the exhaust timing by an 

20 operator. 

[0240] Especially, a two-dimensional image is gen- 
erated here using the same light receiving pixels as 
those used for a one-dimensional image. Therefore, the 
present image sensing device can specify the positions 
25 of heterogeneous pixels with high positional accuracy. 

(Claims 10 and 11) 

[0241] In an alignment device as defined in Claim 
30 1 0 or a position adjustment method as defined in Claim 
1 1 , an image of an alignment mark is picked up using an 
image sensing device as defined in any one of Claims 4 
through 9. Therefore, a high quality one-dimensional 
image can be acquired by the image sensing device, 
35 and the accuracy of alignment detection can be 
improved further. 

Claims 

40 1. A method of driving a solid-state image sensor 
including a plurality of horizontally and vertically 
arranged light receiving pixels for generating signal 
charges in accordance with the quantity of light, 
vertical CCDs for vertically transferring said signal 

45 charges generated by said light receiving pixels, 
and a horizontal CCD for horizontally transferring 
said signal charges transferred through said verti- 
cal CCDs, comprising the step of: 

so a vertical transfer step for vertically transferring 

in sequence said signal charges generated by 
a light receiving part by driving said vertical 
CCDs; and 

a horizontal transfer step for mixing said signal 
55 charges transferred through said vertical CCDs 

on said horizontal CCD and horizontally trans- 
ferring said signal charges on said horizontal 
CCD when said signal charges for three or 
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more vertical pixels are mixed. 

2. A method of driving according to Claim 1 , wherein 
said horizontal transfer step mixes said signal 
charges in a vertical direction with a limitation to the s 
number of times the mixing is done being equal to 

or less than a number of vertical transfers which 
does not cause saturation of each potential well on 
said horizontal CCD. 

10 

3. A method of driving according to Claim 1, further 
comprising the step of: 

a level detection step for monitoring a transfer 
output provided by said horizontal CCD to is 
detect a signal level of said transfer output; and 
a number adjustment step for increasing and 
decreasing the number of vertical transfers per 
one horizontal transfer in accordance with said 
signal level detected at said level detection 20 
step. 

4. An image sensing device comprising: 

a plurality of horizontally and vertically 25 
arranged light receiving pixels for generating 
signal charges in accordance with the quantity 
of light; 

vertical CCDs for vertically transferring said 
signal charges generated by said light rece'rv- 30 
ing pixels; 

a horizontal CCD for horizontally transferring 
said signal charges transferred through said 
vertical CCDs; 

a vertical transfer circuit for vertically transfer- 35 
ring in sequence said signal charges generated 
at a light receiving part by driving said vertical 
CCDs; and 

a horizontal transfer circuit for mixing said sig- 
nal charges transferred through said vertical 40 
CCDs on said horizontal CCD and for horizon- 
tally transferring said signal charges on said 
horizontal CCD when said signal charges for 
three or more vertical pixels are mixed. 

45 

5. An image sensing device according to Claim 4, 
wherein said horizontal transfer circuit mixes said 
signal charges in a vertical direction with a limita- 
tion to the number of times the mixing is done being 
equal to or less than a number of vertical transfers so 
which does not cause saturation of each potential 
well on said horizontal CCD. 

6. An image sensing device according to Claim 4, fur- 
ther comprising: 55 

a level detector for monitoring a transfer output 
provided by said horizontal CCD to detect a 



signal level of said transfer output; and 

number adjustment means for increasing and 
decreasing the number of vertical transfers per 
one horizontal transfer in accordance with said 
signal level detected at said level detector. 

7. An image sensing device comprising: 

a plurality of light receiving pixels arranged on a 
two-dimensional basis on a light receiving sur- 
face for generating pixel outputs in accordance 
with the quantity of Tight; 
a group of vertical transfer paths provided for 
each of vertical columns of said light receiving 
pixels for transferring said pixel outputs gener- 
ated at said light receiving pixels in a vertical 
direction; 

a horizontal transfer path for transferring pixel 
outputs provided by said group of vertical 
transfer paths in a horizontal direction; 
a one-dimensional readout unit for adding said 
pixel outputs sequentially transferred by said 
group of vertical transfer paths in the vertical 
direction and for reading a pixel output as a 
result of the addition from said horizontal trans- 
fer path to generate a one-dimensional image; 
and 

an exhaust gate for selectively exhausting pixel 
outputs being transferred in said vertical trans- 
fer paths, wherein 

said one-dimensional readout unit exhausts 
said pixel outputs generated at predetermined 
pixel positions through said exhaust gate dur- 
ing said operation of generating a one-dimen- 
sional image. 

8. An image sensing device according to Claim 7, fur- 
ther comprising: 

a two-dimensional readout unit for transferring 
said pixel outputs of said light receiving pixels 
through said group of vertical transfer paths 
and said horizontal transfer path to generate a 
two-dimensional image prior to said operation 
of generating a one-dimensional image; and 
an image analysis unit for receiving said two- 
dimensional image from said two-dimensional 
readout unit and for detecting the positions of 
pixels having low vertical correlation based on 
a pattern of said two-dimensional image, 
wherein 

said pixel outputs generated at the positions of 
pixels having low vertical correlation and 
detected by said image analysis unit are 
exhausted through said exhaust gate during 
said operation of generating a one-dimensional 
image. 
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9. An image sensing device according to Claim 7, fur- 
ther comprising: 

a two-dimensional readout unit for transferring 
said pixel outputs of said Tight receiving pixels 5 
through said group of vertical transfer paths 
and said horizontal transfer path to generate a 
two-dimensional image prior to said operation 
of generating a one-dimensional image; and 
an unnecessary pixel specifying unit for per- w 
forming pattern matching between said two- 
dimensional image and a registered pattern to 
find the type of said two-dimensional image or 
positional relationship, thereby specifying the 
positions of pixels unnecessary for the genera- 15 
tion of a one-dimensional image which are 
defined in advance in said registered pattern, 
wherein 

said pixel outputs generated at the positions of 
pixels unnecessary for the generation of a one- 20 
dimensional image specified by said unneces- 
sary pixel specifying unit are exhausted 
through said exhaust gate during said opera- 
tion of generating a one-dimensional image. 

25 

10. An alignment device comprising: 

an image sensing device as defined in any one 
of Claims 4 through 9; and 
an alignment detecting unit for picking up an 
image of an alignment mark using said image 
sensing device and for detecting alignment of 
an object whose image is to be picked up 
based on an image read out from said image 
sensing device. 

11. A method of adjusting position comprising the step 
of: 

an image pickup step for picking up an image of 
an alignment mark using an image sensing 
device as defined in any one of Claims 4 
through 9 to generate an image signal; 
a position detection step for finding the position 
of said alignment mark based on said image 
signal; and 

a position adjustment step for controlling the 
position or an object whose image is to be 
picked up in accordance with the position of 
said alignment mark. 
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